Henna plant belongs to continental oases where water shortage constitutes the essential limiting factors of its agricultural production. Lawsonia inermis L. (Lytraceae) is often exposed to severe drought stress in Gabes; a Tunisian arid region. The present study was carried out to evaluate the impact of water stress on the morphology of Tunisian henna plants. Thus, an experiment of four months was carried out under greenhouse at the Institute of Arid Region in Medenine, Tunisia. Henna was exposed to three different irrigation regimes, whereby the plants where irrigated to field capacity (control, T0), 50% of the control (moderate stress, T1) and 25% of the control (severe deficit irrigation, T2). Results showed that, leaf area (LA), leaf number and stem length of henna, decreased in response to the studied stress. The effect of water stress was clearly observed on those parameters. Moderate drought (T1) did not damage henna morphology, and the plants grew better than without water limitation (T0). Furthermore, the water stress-typical responses were shown as time and severity dependent in all the measured parameters. Indeed, lowest water availability treatment (T2) induced significant decrease in total number of leaves, as well as 
Introduction
Tunisian flora is known for its diversity of medicinal plants such as henna which belongs to the family Lythraceae. Lawsonia inermis Linn (L. inermis L.) is glabrous branched shrub or small tree (2 to 6 m in height). It is a perennial shrub native to North Africa, Asia and Australia and it is naturalized and cultivated in the tropics of America, Egypt, India and parts of the Middle East (Kidanemariam et al., 2013; Semwal et al., 2014) . The leaves are small, sub-sessile and greenish brown to dull green in color, and have either a glabrous, obtuse or acute apex with a tapering base. Flowers are small with red or rose color (Chauhan and Pillai, 2007; Kidanemariam et al., 2013) . This plant is a worldwide known cosmetic agent used to stain hair, skin and nails (Vasudevan and Laddha, 2003; Semwal et al., 2014) . Henna is tolerant to drought and can only grow if minimum temperatures stay above 11°C (Kidanemariam et al., 2013) . L. inermis grows wild in deserted areas, near oases and in semi arid regions (Singh and Singh, 2001 ).
In the arid and semi-arid Mediterranean climates, rainfall is scarce and unreliable resulting in various abiotic stresses, generally, heat, drought and salinity (El-Beltagy and Madkour, 2012) . Besides, drought is an abiotic factor that limits the development and productivity of crops. These changes can be caused by the significant reduction of photosynthetic rates, causing serious socio-economic and environmental losses (Johari-Pireivatlou et al., 2010) . Furthermore, Hanen Enneb 1 , Aicha Belkadhi 2 , and Ali Ferchichi 1 Changes in henna (Lawsonia inermis L.) morphological traits under different deficit irrigations in the southern Tunisia 3 the use of drought-tolerant crops has been proposed for the economic exploitation of non-cultivated and marginal areas (Behera et al., 2010) . Drought can significantly influence plant performance and survival and can lead to major constraints in plant functioning, including a series of morphological, physiological and metabolic changes (Claeys and Inzé, 2013; Naz and Khan, 2014) . Studies also have shown that drought stress can differently affect the growth of plant organs, which may result in the alteration of the morphological features of the plants (Khan et al., 2012; Jamal et al., 2014) .
The objective of this study is to characterize the effects of three different irrigation regimes on the morphological traits of henna plants, including stem length, leaf number, which are some of the traits frequently investigated to evaluate physiological responses of plants under water stress.
Materials and Methods

Plant material and growing conditions
Seeds of Lawsonia inermis were obtained from plants that were collected from the oasis of chenini; one of the most important oases of south-eastern of Tunisia (Latitude 33° 53, Longitude 10° 12). Its climate is Mediterranean dry, hot summers and mild winters. Rainfall is low and erratic with an average of 186 mm. Evapotranspiration is estimated at 1417 mm year -1 (Kouki and Bouhaouach, 2009) . L. inermis seeds were grown into 4 L plastic pots. Those were filled with a mixture of sand and soil (1:2); two seeds per pot were planted and the soil was irrigated with distilled water until henna germination. The maximum of germination rate was observed after 15 days. At this stage, the seedlings were thinned to one per pot and irrigated three times per week. Plants were then grown in a green-house as follows: 25 ± 1°C temperature, 50% day/ 75% night relative humidity and 16 h light/8 h dark regime. The experiment was arranged in a growth chamber with three treatments X three replicates. At the age of 2 months old, 9 plants (3 plants per treatment) were irrigated to field capacity (control, T0), 50% of the control (moderate stress, T1) and 25% of the control (severe deficit irrigation, T2), the experiments were conducted from August and maintained until November.
Measurements
Leaf area (LA) was measured on the three youngest, fully expanded leaves from each pot at 15, 30, 45 and 60 days after commencement of the bioassay. LA (cm 2 plant -1 ) was measured by scanning leaves using an area meter ADC (Analytical Development Co. Ltd; AM 100). The measured parameters included the leaf appearance rate (leaf day -1 plant -1 ) measured every two weeks, during two months, by counting the number of green leaves. Stem growth characteristics were monitored by measuring length from substrate surface to the apical meristem.
Statistical analysis
Data collection was carried out regarding three replications of the same henna cultivar for each measurement. A couple of factors (3 irrigation levels Vs 4 survey dates) have been subject of statistical analysis of the same henna cultivar behavior. Analysis of variance (ANOVA) at α=0.05 showed significant differences between and within factor combinations. Duncan's new multiple range test (MRT) was used to compare means and to distinguish between henna responses to each irrigation regime for each survey date.
Results and Discussion
Changes in henna leaf area development under water stress
The leaf, being the first organ to show visible signs of drought, may provide cheap and easy traits to record for selection under water deficit. The LA of each treatment used in Fig. 1 is the average value of three replicates under the same treatment. Our results showed that, LA values were higher in control plants than the water stressed ones; LA, in general, was higher under favorable conditions (T0) than under water deficit conditions T1 and T2 (Fig. 1) . Indeed, we noticed that under well watered conditions (T0) henna LA ranged from 2.45 (cm 2 plant -1 ) at 15 d after initiation of the irrigation to 8.88 (cm 2 plant -1 ) at 60 d. Water deficit reductions of LA were similarly observed in many species of Populus L., Watkins, etc. (Thakur and Sood, 2005) , and in Eragrostis curvula (Schrad.) Nees (poaceae), Oryza sativa L. (Poaceae), Abelmoscus esculentus (L.) Moench. (Malvaceae) and Asteriscus maritimus (L.) Less. (Asteraceae) (Rucker et al., 1995) .
Under mild stress T1 (50% FC), LA decreased from 8.88 to 5.51 (cm 2 plant -1 ) showing a reduction by around 37.98%, as compared to the control. Thus, at severe stress (T2), the mean value of LA was 3.04 (cm 2 plant -1 ). The percentage of reduction found after the application of this severe water stress was 65.79% comparing to T0; which meant that L. inermis showed less tolerance to water shortage (25% FC). In addition, exposure to drought stress led to a significant changes in LA that were confirmed by ANOVA test revealing that the effect of T2 irrigation was significant at P <0.0001. Several studies showed that water shortage causes significant reductions in LA development. In fact, the limitation of leaf growth is an adaptative mechanism to reduce transpiration (Kramer and Boyer, 1995). Furthermore, the increases in soluble compounds, such as sugars and phenolic compounds, in response to drought have been described for Populus x canadensis Moench. (Salicaceae) (Marron et al., 2002) and may facilitate the maintenance of high turgor pressure in leaves (Van Volkenburgh and Taylor, 1996; Bouchabke et al., 2006) . Cell division decreases (Granier and Tardieu, 1999) , reduction of cell wall extensibility, as a result of inhibition of wall loosening or promotion of wall stiffening associated with thicker walls (Niinemets, 2001; Cosgrove, 2005) ; each of these phenomena was a form of adaptation to drought.
Variation of henna leaf number under water stress
These traits were significantly different depending on irrigation factor and drought period (Fig. 2) . Water deficits (T1 and T2) reduced number of leaves per plant until 50%, as compared to control (T0). In normal conditions, the mean number of leaves for L. inermis was (40 ± 0.9) over 60 d after initiation of the bioassay. In response to the first water stress (T1), total leaf number was ranged from 40 to 29 leaves per plant over 60 d. Analysis of variance (ANOVA) test allowed us to point up that T1 effect was highly significant (P <0.0001). Moreover, Duncan test showed that after the stress was set up and between the 2 nd and the 6 th weeks (15 d to 45 d), L. inermis responded similarly, under both moderate and severe deficit irrigation (Fig. 2) . After 45 d, the response of henna plants to water deficit depended on the intensity of water stress. Plants exposed to drought during the vegetative growth decreased total number leaf (Passioura et al., 1992) . In Vicia faba L. (Fabaceae: Faboideae), Karamos et al. (1982) reported that water shortage and increase in the interval between irrigations, resulted in a reduction in the number of leaves per plant. Differently, Guttieri et al. (2001) reported that decrease in leaf number under water stress led to a decrease in dry matter accumulation. Lefi et al. (2004) revealed too, that the water shortage led to reduction in the occurrence rate in: Medicago sativa L. (Fabaceae: Faboideae) leaves.
Stem-elongating changes under water stress
The initial length of the main stems was 8.5 cm, under control condition over 15 d, than, the stems continued to elongate during the 8-weeks-long experiment and revealed an elongation of 15 cm (Fig.  3) . Under moderate stress (T1), L. inermis retained stem growth and showed significantly longer stem length of 12 cm, after two months of water stress. Plants measured at 60 d, showed a significant decrease in stem length under severe deficit irrigation (T2); this reduction was about 44% as compared to T0. Water deficit had a large impact on growth of plant stem length; in fact, our results showed that the reduction of henna growth can be seen after the application of T1 and T2 irrigation regimes (Fig. 3) . Thus, after 8 weeks 5 of the application of severe stress T2 (25% FC), the largest percentage of reductions in stem length were 41.38% comparing to control. Similar results were observed in Erythrina plants (Pita and Pardes, 2001 ), species of the genus Populus L. (Nicholas, 1998) and also in species of the genus Albizzia L. (Patel and Golakia, 1988) . In citrus, Panneerselvam et al. (2007) noted that the stem length was reduced by 25% under water stress. Ravindra (1991) also reported that the stem length was significantly affected in potato under water stress. According to Manivannan et al. (2007) , bean stem length decreased under water deficit, but this decrease was not significant compared to fully irrigated bean. Sankar et al. (2008) reported that reduction in the height of bean plants was associated with the enlargement of the leaf cells and plant senescence in Abelmoschus esculentus under water stress.
Conclusion
Henna responds to drought as a moderately tolerant plant. Drought response mechanisms displayed by henna plant were partially different depending on the irrigation dose. In the moderate stress (T1) henna plants were able to tolerate water stress by adapting morphological mechanisms to counter drought damage. However, at severe deficit irrigation stress (T2), plants seem to be more sensible to drought. To conclude, henna plants may be used to overcome drought rather than salinity problems in their natural areas, however, further work is necessary to test physiological mechanisms to confronting drought in semi arid regions and to increase henna production in Tunisia.
